1 RECORDI NG MEDI UM HAVI NG SPARE AREA FOR DEFECT MANAGEMENT AND | NFORMATI ON
ON DEFECT MANAGEMENT, AND NMETHOD OF ALLOCATI NG SPARE AREA AND METHOD OF
MANAG NG DEFECTS 5 BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to the field of optical recording nedia, and
more particularly, to a disc having information on the sizes of allocated
spare areas and the renai ni ng anounts thereof, in which an appropriate 10
anmount of spare area is allocated upon inflitialization, and a suppl enentary
spare area is allocated if the spare area is insufficient while being used
after conpletion of initialization, a nmethod of allocating the spare
areas, and a neth ' ts of the supplenentary spare
area. 2. Descripti %@@Rﬁ@&%&g&@@mﬂﬁlﬁé §PHARWEA RAMFBESTch as
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spare area is allocated according to the state of the disc upon
initialization, and a supplenentary s@ERE@QT8a is allocated when 20 the
spare area allocated upon initialization is insufficient while the disc is
bei ng used. According to a digital versatile disc random access nenory
(DVDRAM) standard (DVD Specifications for Rewitable Disc, Part 1 PHYSI CAL

SPECI FI CATI ONS) version 1.0 so that 24 25
spare ateas are allocated up aREILE it T INVEENTEONIi sc has 24 zones. In

the prior arty, as | . 1, aflag representing the state of the
by 2 (S0A thdiivefiiod

spare area alloca t0 eac wi thin a defect managenent area (DMA) is

constituted of onThegsresdhtinwntioh fehRes 36 MeidRe: BRlicATeB iy fRLIEsPondi ng

and more particularly, to a disc having information on the sizes of allocated

spare areas and the remaining amounts thereof, in which an appropriate

10 amount of spare area is allocated upon initialization, and a supplementéry
spare area is allocated if the spare area is insufficient while being used after
completion of initialization, a method of allocating the spare areas, and a
method of managing the defects of the supplementary spare area.

2. Description of the Related Art '

15 In recording media such as general discs, a spare area is allocated
once upon initialization and no supplementary spare area is allocated during
use of the disc. However, in order to increase the efficiency of using a disc,
an appropriate amount of spare area is allocated according to the state of the
disc upon initialization, and a supplementary spare area is allocated when

20 the spare area allocated upon initialization is insufficient while the disc is
being used. |

According to a digital versatile disc random access memory (DVD-
RAM) standard (DVD Specifications for Rewritable Disc, Part 1 PHYSICAL
SPECIFICATIONS) version 1.0, each zone has one spare area, so that 24

25 spare areas are allocated upon initialization since a disc has 24 zones.

’ In the prior art, as shown in FIG. 1, a flag representing the state of the
spare area allocated to each zone within a defect management area (DMA) is

constituted of only one bit which represents whether or not a corresponding




2 spare area can be used, i.e., whether it is occupied. Accordingly, a full
spare area flag has 24 bits of information representing whether or not 24
spare areas are occupied. Also, this full spare area flag is stored in
relative byte positions (RBP) 8 to 15 of a secondary defect |ist (SDL) of
the DVA. When a 5 bit representing a corresponding group is "1 ", this
represents that no spare area remains within the correspondi ng group, and
when the bit is "0", this represents that2 a spare area renains within the
correspondi ng group. Information on a spare area, which is constituted of
only one bi t sparedarserdaebl abed,d,e. ehetheeittis ootupieah dicberdind]g, aSRArpeea S
occupied. On_10 ﬁhe ot %r .{éar}d, in discs in which a supplenentary spare
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't is prescrif¥ ver, a:prab ? SPFYE D t the state in which the spare area is"almost

15 occupied cannot be represented by the only one bit.

Also, in the allocation of spare areas according to the existing DVD-
RAM standard version 1.0, a predetermined amount of spare area is
allocated to each zone upon initialization, the size of which is predetermined
to be sufficient to process all defects that can be managed by a defect

20 management method that is applied to a corresponding disc.

Here, in order to manage defects on a general recordable/rewritable
disc, slipping replacement method of skipping defects without providing
logical sector numbers to the defects, is not used for defects generated upon
initialization of the disc, which are called "primary defects". It is prescribed in

25 the existing DVD-RAM standard version 1.0 that the position of a defective
sector replaced by slipping replacement must be recorded in a primary defect
list (PDL) in a DMA on a disc. Also, linear replacement for replacing error
correction code (ECC) blocks of an erroneous zone with normal blocks in a
spare area, is used for defects generated during use of the disc, which are

30 called "secondary defects". It is prescribed in the existing DVD-RAM




3 standard version 1.0 that the position of a defective block replaced by
| i near replacenent nust be recorded in an SDL in a DVA on a disc. However,
when an appropriate anmount of spare area is allocated according to the
state of a disc upon initialization, and a supplenentary spare 5 area is
all ocated as the state of the disc becones bad during use of the disc, a
nore effective spare area allocating nethod is required. It is prescribed
in the existing standard that in a recordgng and/ or reproduci ng appar at us

of a disc, the size of a buffer for tenporarily stori def ect, nanagenent
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is to provide a nethod of 25 sinpl al culating and allocating, a spare area
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defects, whilige@utlirithe!iunisar defbdis fdiZ2RbAMOHEPARe BMA drithe!digea"
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Here, the defect management information includes PDL and SDL, and
the sum of the sizes of the PDL and SDL is about 60 Kbytes. Thus, in the
DVD-RAM standard version 1.0, PDL ranges from sectors 1 to 15, and the
15 remaining sectors are set to be used to process SDL entries, so that the
number of PDL entries and SDL entries that can be processed is restricted in

accordance with the size (32 Kbytes) of a buffer.

SUMMARY OF THE INVENTION

To solve the above problems, an objective of the present invention is

20 to provide a recording medium having information associated with the size
and the remaining amount of a spare area allocated upon initialization, and
with the size and the remaining amount of a spare area allocated after
initialization.

Another objective of the present invention is to provide a method of

25 simply calculating and allocating a spare area for slipping replacement and a
spare area for linearly replacing some defects, while a disc is being
initialized, and a spare area for linear replacement which is required during

use of the disc.



4 Still another objective of the present invention is to provide a nethod
of managi ng defects in a supplenentary spare area which is allocated for

| i near replacenment while the disc is being used. To achieve the first

obj ective, the present invention provides a 5 recordi ng nedi um
characterized in that a primary spare area allocated upon initialization
and a supplenentary spare area allocated after initialization are provided,
and the sizes of the spare areas are dete4m ned by the nunber of defects
generated upon initialization. To achieve the second objective, the present
i nvention provi desStdl aibthet dinjdciive of theqabserg iaverivhes 26 provide BRRaBgdef ect s
In a disc recogrdi’_lr%cb{i'an /&r reproduci ng apparatus, the nethod including the
steps of : detRMATHHE ORIECT I FSHPRIPTENETY $PapAEeaawhish s BHecated forunber  of

primery def eqingagRaEGREnid ibdipgiisag: deternining the mexinum

d &
size of a spare area that nust @e aF(IEocat eg according to the size of a
menory device for Teeé@dueva heanfinshgejeetite, dfie present rventiog prevddes ar epr oduci ng

rencgersnt nethel {5 e AT s B AR S
6uri 13 i1 el g uebn S|l repl ccerent 0 3 fupol ety spare
P S s e AR TR

repl acdd, whenathed obalbeddting dbparesarea th imariage defedts anandiss becORdihg area
whi ch has al reag%trbeen i near I%grepl aced are not used for linear

|
repl acenent , 28 RRrogHCINg-ARNaE_tUR; the MethogdneledingHhe géermer: deteamining

E)eR,SA\B\Ve&EBSt 0 the AR ¥8eRr adrard ared B5ing 1AS PBfbeP B pRmZnyi&iceld N OF THE

generated during initialization; determining the maximum size of a spare area
that must be allocated according to the size of a memory device for defect

156 management of the recording and/or reproducing apparatus; and allocating a
primary spare area for slipping replacement and linear replacement using the
minimum and maximum sizes of the spare area.

To achieve the third objective, the present invention provides a defect

management method for a disc recording and/or reproducing apparatus

20 having a primary spare area allocated to replace primary defects generated
during initialization using slipping replacement, and a supplementary spare
area allocated to replace secondary defects generated after initialization
using linear replacement, the method comprising the step of: allocating the
supplementary spare area using an area that has already been linearly

25 replaced, wherein defective blocks within the supplementary spare area
which has already been linearly replaced are not used for linear replacement,

and the SDL entries within a defect management area with respect to the

defective blocks are not changed.

BRIEF DESCRIPTION OF THE DRAWINGS




5 The above objectives and advantages of the present invention will becone
nore apparent by describing in detail preferred enbodi nents thereof with
reference to the attached drawings in which: FIG 1 is a viewillustrating
the structure of a conventional full spare 5 area flag having SDL contents;
FIG 2 is aviewillustrating the structure of a disc having a user area, a
primary spare area and a supplenentary spare area, according to the present
i nvention; FIGS. 3A and 3B are views ill ustrating nethods of nanaging a
defect 10 generated on a supplenmentary spare area in the structure of the
di sc shown in FIGThe a%@b}eﬁimmmmtagﬁ efsthelpasarg imvdrpatwign of a

rimary spare area and a ment ary. spare area according to the present
p y sp '%EE %ng gl p
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recor di ng an%ﬂfréf@r@n@@‘i@‘tﬁ@aﬁécﬁ&@@(a@ﬁh% 1nSwr%€ pibytes and 64 Kbyt es,
respectively; FIGS. 5A and 5B are views ustrating the structures of a
flag of remainder HEaflds enfiew itustratingttihe struetprestatonvértiohedfudlesgape Whi ch a

spare ea f ing d cts h s been used, according to the present
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suppl enentary spare area, according to an I men
i nventlion. generated on a supplementary spare area in the structure of the disc shown

in FIG. 2;

FIGS. 4A and 4B are tables showing allocation of a primary spare area

and a supplementary spare area according to the present invention, when the
size of a buffer for defect management in disc recording and/or reproducing
15 apparatus is 32 Kbytes and 64 Kbytes, respectively;

FIGS. 5A and 5B are views illustrating the structures of a flag of
remainder state information which represents the degree to which a spare
area for managing defects has been used, according to the present invention;

'FIG. 6 is a flowchart illustrating a method of allocating a spare area
20 upon initialization, according to an embodiment of the present invention;

FIG. 7 is a flowchart illustrating a method of allocating a |
supplementary spare area using the remainder state information of a primary
spare area, according to an embodiment of the present invention; and

FIG. 8 is a flowchart illustrating a method of allocating a

25 supplementary spare area using the remainder state information of a
supplementary spare area, according to an embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Spare areas on a disc for defect management according to the present

30 invention include a primary spare area and a supplementary spare area.



DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Spare areas on a disc for defect
managenent according to the present 30 invention include a primary spare
area and a supplenentary spare area. 6 The prinmary spare area is first

al l ocated for defect replacenment when a disc is initialized, and is first
used for slipping replacenent. The primary spare area remaining after
slipping replacenent can al so be used for linear replacenent. The

suppl ementary spare area, for linearly replacing defects 5 generated while
the disc is being used, denotes a spare area which is additionally

al | ocated while a Tiesprimaryospang ansa s fifst alloddted fsr degedt repidcmlont @fhen EHat
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area for |inearly Thapisain the preSent isvehixdn agshden ge G a2 edpamagy ghae while
the disc is being used, Here, the spare area for slipping replacenent
requires at |aé%%?0r£mﬁmwe§)@€€m@téé\dtlmaﬁmﬁmemnteﬁaﬂoweﬂ@ atisced in a

PDL anong defge ; t sl t+4 : re areas of
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to process secondary defects generated during use of the disc after
initializati &% SPar etﬁféapﬁ‘wéﬁv%ﬂi imfBe siippingdeplacement siefectivg argpe are al so
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area, {iss for slipping replacement and an appropriate amount of spare area for linearly
replacing defects that can be generated on a disc while the disc is being
used. Here, the spare area for slipping replacement requires at least as
many sectors as the number of entries registered in a PDL among defect
management information.

20 Supplementary spare areas of predetermined sizes are aliocated in a
forwards direction from the rearmost portion of a logical file area when the
primary spare area is insufficient to process secondary defects generated
during use of the disc after initialization.

In the present invention, a direct pointing rule is also applied as a

25 defect management method for spare areas proposed by the DVD-RAM
standard version 1.0. That is, all defects must be processed by only one
replacement.

An extensible supplementary spare area allocated for linear
replacement after initialization could have been already used as a user data

30 area. That is, a defective block, which is used as a user data area, is

allocated as a supplementary spare area, it could be linearly replaced by a



al l ocated as a supplenentary spare area, it could be linearly replaced by a
7 primary spare area or supplenentary spare area which has already been

al l ocated, as shown in FIG 3A \Wen a spare area which has already been
linearly replaced is intended to be used as a suppl enentary spare area,

dual replacenent of a defect in another user area by a defective bl ock
already 5 linearly replaced within the supplenentary spare area viol ates
the direct ~~ pointing rule. Also, in read-only discs, the process of
replacenent is conplicated. To solve these problens, as shown in FIG 3B,

a defective hjricdryvapane ared besspiementny @parssm@ameu%a%weaa?%eéhr eady
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m sdet er m nedoapligatbef ect, and thus, when formatting is performed |ater,

anon- def ecti ve ponl_tioqu can be re%i stered as a defect. 20 Therefore, SDL
entry information '\{YHE qroblems, @ssbawnyinfdGL 8Bea defeciveibleck witbiok

within the s ' n .and the . correspondi ng
def ecti ve. bi S aRReentersSkle feEAnaf naebrEaRL BRe UGS RS A o
user diCea. | pridissy spamoaniany @pe-allodated SdbSIER@nER) 3pakd 8RS ad FEWATR] i on on
a 25 disc i?—'éﬂé%al I%/ read by a tenporary storage area such as a

seni conduct of ! st peiRe pyged torlineaereplagenipie Alse, Sacondanytdafgctuist
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m ni num numbBMSSNOHRE CEANGeE s that 8ipediomotithe spare erea, whieh isovkéippastand , and
the myy mum AEHeLy RhilEHe spare area is being sequentially used, is determined to be

a defective area if the SDL entries used to process defects with a
supplementary spare area are erased. Thus, a normal block used for linear
replacement can be misdetermined as a defect, and thus, when formatting is
performed later, a non-defective portion can be registered as a defect.

20 Therefore, SDL entry information with respect to a linearly-replaced defective
block within the supplementary spare area is not changed, and the
corresponding defective block must not be used to linearly replace a defect
within a user area.

In disc recording and/or reproducing apparatuses, information on a

25 disc is initially read by a temporary storage area such as a semiconductor
memory, that is, a buffer, in order to immediately use defect management
information. It is prescribed in the DVD-RAM standard version 1.0 that a
32Kbyte-size buffer is used. 32 Kbytes correspond to information for 16
sectors, and PDL and SDL for defect management information are stored in

30 the buffer in units of sectors. Thus, the minimum number of PDL entries

stored in the buffer is for one sector, and the maximum number of PDL




8 entries stored in the buffer correspond to the maxi num nunber of entries
(i.e., 7679 entries which are for 15 sectors) that can be recorded in the
PDL. The entries of the SDL occupy an area renmaining after PDL entries are
stored in the 32Kbyte buffer, and thus can nanage defect entries which have
a size 5 ranging froma mninmum of one sector to a maxi num of 15 sectors.
Hence, the maxi num al | owabl e size of a spare area (a primary spare area + a
suppl ementary spare area) is determned g the size of a buffer and the
nunber of PDL entries generated upon initialization of a disc. Here, since

a defect caneptrigwdtbiedie thenriffel edrreysond o thBenSBMUM AlifBer 8Nedribsa 10
spare area for the possible defect nust be considered. In the present

invention, al(lBdKBG(2epliiesarhichare ! Ssentersadnasoanibe @Cﬁﬂﬂ&cb?m f@elsﬂ‘ibﬁ..at ed
the i mum m e oB B 0L opluaEEh2ea FaRaRfd 9 0t RIS HE el be

recorded i n trhthePB2Kyid bulfer, ramd thiusicanmhi@iagy deratr étfied WHidBRAv&Rtdizes: for
15 sectors) that can be recorded in the SDL. Also, if a buffer is set to

have a%64 Kb{RREiag Fom g mainkawB pf Ongectar te ampxiswss of 48 speteys.def ect s as can

b ded in th ' 1At ' h
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a disc and during use of the disc are proposed with respect to a case in
whi ch a buf f Hte RgnbaepkRPL faliefaentraies uporsnitializatien gha discalderd,n which a

buffer for d t | e size of a spare area
that can be gf@%@a@%@%ﬁé@ﬂﬁ | Iéf %%gégé%éfgv%@h&gﬁé@{%?rﬁ% "fmount  of
i ncrerment, aspadecareatfbpthespqusisis ideredt diust betnglderdéd.ng a required amount of
spare area can be greatly sinplified as described |later. In consideration

of this nerit, a YpHecrrapent ingentian, gHGiwe puliecinehcan storendedesitng pri mary
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sectors) that can be recorded in the PDL and the maximum number of entries
15 (3837 entries: for 15 sectors) that can be recorded in the SDL.

Also, if a buffer is set to have a 64 Kbyte size, the 64Kbyte buffer can
process as many defects as can be recorded in the defect management
information area according to the standard. In an embodiment of the present
invention, the most preferable sizes of the spare areas that can be allocated

20 during initialization of a disc and during use of the disc are proposed with
respect to a case in which a buffer for defect management is of 32 Kbytes
and a case in which a buffer for defect management is of 64 Kbytes.

If the size of a spare area that can be allocated is restricted so as to
have a predetermined amount of increment, a calculation expression for

25 calculating a required amount of spare area can be greatly simplified as
described later. In consideration of this merit, a spare area for slipping
replacement for managing primary defects is calculated by dividing PDL
entries in units of sectors. 512 PDL entries correspond to one sector, and the
amount of a spare area for processing 512 PDL entries corresponds to 32

30 ECC blocks. One ECC block has 16 data sectors.




9 FIGS. 4A and 4B are tables showi ng the size of spare areas when the size
of the buffer is 32 Kbytes and 64 Kbytes, respectively. The first colum in
each of FIGS. 4A and 4B represents the nunber of PDL entries, and the
second colum therein shows the maxi nrum nunber of SDL entries, that can 5
be processed, with respect to the nunber of the corresponding PDL entries.
The numerals in the third col um denote the mini num sizes of spare areas,
which are expressed in ECC bl ocks, required if a spare area for defect
management ent ri ed B8 4AianehdB aep tallesshewi thasizscet spare sredd woen ¢k That

i's, the m ni gy s n.be allocated_ is the sum of all
10 spare areas rgﬁ(}ﬁlsrbg' ef ﬁ?@g{;‘% %ﬁéﬁﬁ)yﬁt F?Sé)se%‘?'% "Eerfﬁ?tecoj‘r”@&
required to jmeaels sf FIGSSDA anttdB Rsbréssntsite REFEF of PPE d1iNés GRIGURR Shows
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cor r espondi n§CEYFLEPIURBHEr¢ighomsdhe imaimymbaenbenof SDL leatriasy that oaal umm

.shows e m | NG | as i n bl ack he, second
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(MB), and t h@hehiunderalsbiadhe tiirc bolmrt dendte thenHimifie sRles'GpbfestesRar ©
areas as a percx?'gt age QO/%R of the entire capacity. The next col umm shows the
total nunber WOYCTHRfERPIRPRad I G hdlocksn requitpddt a spare ameeasfor defectol unm shows

t he maxi num r by, t he present_jnventi on,
that et el Brsseni: SnE R e BRER ERdRRITBT RS shtiondr alEre: That
appropri ate sythamitimusnpizeafspass Mresphatca Be dilochie b tatemGrlapu! ation of
t he anunt of the spare area and repl ace defects generated in the spare
area. Pn t heSPESAreas feduirachio proeess KieoPBb @ntiiesswitk @ spane as¢mrequiredrtaxi num

si ze of recog%ggﬁfgfﬂeerﬁﬁgﬁoﬂcﬂwé)éé)cﬁgrs. 25 and the percentage of the

Spare area t 0 recording capacity of a disc, respectively, when

t he increnent betWBGMeRBmIUmeWtﬁe&ﬁiﬁﬁﬁumssifeebfé;}flar@%régsFE a0 1he
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15 areas in blocks, the second subcolumn shows the minimum size of required
spare areas in mega bytes (MB), and the third subcolumn shows the
minimum size of required spare areas as a percentage (%) of the entire
capacity. The next column shows the total number of defect entries that can
be processed. The last column shows the maximum amount of a spare area
20 recommended by the present invention, that is, the amount of spare area
simplified in consideration of an appropriate amount of supplementary spare
area to facilitate calculation of the amount of the spare area and replace
defects generated in the spare area. In the last column, the first and second
subcolumns show the maximum size of recommended spare areas in blocks
25 and the percentage of the spare area to the total recording capacity of a disc,
respectively, when the increment between required spare areas is set to be
32 blocks, The third and fourth subcolumns show the maximum size of
recommended spare areas in blocks and the percentage of the spare area
with respect to the total recording capacity of a disc, respectively, when the

30 increment between required spare areas is set to be 48 blocks,




As shown in FIG 4A when a 32Kbyte buffer is used, all defects that can be
recorded in all defect managenent areas cannot be conpletely processed. As
t he nunber of primary defects (PDL entries) increases, the actual nunber of
secondary defects that can be processed decreases, and 5 the percentage of
the total spare area al so decreases. This neans that the state of a disc
becones worse as the nunber of primary defects increases, which reduces the
nunber of secondary defects that can be mgnaged. To solve this problem
referring to FIG 4B, the present invention recomends using a 64 Kbyte

buffer. I this caveshawmaxFIGIMAUMST a SoKHEBIRIIE el SIPALRLIAL Can be
y

recorded in a defect nmanagenent area can be conplete processed regardl ess
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The present invention describes a disc in which a spare area for defect
management is partially allocated upon initialization according to the usage
15 purpose of the disc or the state of the disc, and a supplementary spare area
is allocated after initialization when the size of the spare area is insufficient.
Accordingly, when the supplementary spare area must be allocated, the
amount of a supplementary spare area that can be allocated must be
calculated in advance. That is, the supplementary spare area can be easily
20 allocated by recording the size of a supplementary spare area that can be
allocated in a disc definition structure (DDS) of the defect management area
(DMA), upon initialization.
The size of a spare area for defect management can be simply
calculated as described below. When the 64Kbyte buffer is used, the
25 maximum size of a spare area that can be allocated can be calculated by the

following Equation 1:

E
ximum size of spare area = [ 5’1";L]x32+ 4096 blo..(1)

When the 32Kbyte buffer is used, the maximum size of a spare area

that can be allocated can be calculated by the following Equation 2:




11 ium size of spare area = 4096-[ 512 ]X(256-32) ,.,(2) In Equations 1 and
2, [ 512 ] denotes a maxi muminteger which does not exceed " 512 ", EPCS
denotes the nunber of PDL entries, and 32(=1NC) indicates an increnent.
4096 (=SM~) is a nultiple of 2 in which the size of a spare area required
to process the maxi num nunber of defects is 5 approximated for sinple

cal cul ati on, when the nunber of primary defects (the nunber of PDL entries)
is less than 512. Here, the size of a spate area is shown in ECC bl ocks.
256 (=SSp~) denotes the size of a spare area required to process SDL
entries for one sector. a maxi num spare area recommended by FIGS. 4A and 4B

i's about 4% 1fQsh 8r-8c6f §had drbat= @geaq_gﬂ]kg%gqa%@zgﬁg?spare area. The si zes

of the recommended spare area are detér@in deration of defects
generated in a spare area, and are expressed in nmultiples of 2, so that
calculation of the size of a spare area is sinplified. The remai nder

obt ai ned by subtracting the size of spare area 15 all ocated upon

initialization frgEghHStiGRA i 2E PO SRR is
recorded in a DDS asht he si ngg:‘Z%aZ{ﬁJQp]I Ee\ljr?renﬁ’t ary spgﬁ%mgﬁ{eegef&g’?chcan be
al | ocated, whereby the supplenmentary spare area can be easily all ocated
during use of a disc. A supplenentary spare area is allocated or the size
of the 20 supplenentary spare area nust be increased, in case that a
primary spare area all ocat ed,dipon_ initialization is conpletely used and no
other spare HPe&EoL&Xedyy w cdere. ARBEtes theippmberent BP) enfdes; andea i s
conpletely used. Wen a dis s actually used, defects are highly likely to
be continuously generated. Therefore, it is nore preferable that a
suppl ementary spare area

32(=INC) indicates an increment. 4096 (=S, is a multiple of 2 in which the

size of a spare area required to process the maximum number of defects is
5 approximated for simple calculation, when the number of primary defects (the
number of PDL entries) is less than 512. Here, the size of a spare area is
shown in ECC blocks. 256 (=Sgp,; ) denotes the size of a spare area required
to process SDL entries for one sector.
a maximum spare area recommended by FIGS. 4A and 4B is about 4%
10 larger than that an actually-required spare area. The sizes of the
recommended spare area are determined in consideration of defects
generated in a spare area, and are expressed in muitiples of 2, so that
calculation of the size of a spare area is simplified.
The remainder obtained by subtracting the size of a spare area
15 allocated upon initialization from the maximum size of a recommended spare
area, is recorded in a DDS as the size of a supplementary spare area that
can be allocated, whereby the supplementary spare area can be easily
allocated during use of a disc.
A supplementary spare area is allocated or the size of the
20 supplementary spare area must be increased, in case that a primary spare
area allocated upon initialization is completely used and no other spare areas
exist or the case when a supplementary spare area is completely used.
When a disc is actually used, defects are highly likely to be continuously

generated. Therefore, it is more preferable that a supplementary spare area



12 is allocated or the size of a supplenmentary spare area is increased when
a smal |l anount of spare area renains, for exanple, when a certain nunber of
bl ocks renmain or 90% of the spare area is used, than that a suppl enentary
spare area is allocated after the allocated spare area is conpletely used.
51n this case, a renmainder state flag representing the degree of use of a
spare area is required to indicate that a predeterm ned anount or nore of
the spare area has been used, rather thah2representing only two states, in
whi ch the spare area has been conpletely used or the spare area stil
remai ns, as inaliocated st ilvgsigparf @ suppierhentary sge afes ivpcreubiceaihdgawhet her
a supplenentgé%wlo sp area has been all ocated when a predeterm ned

f

r _ ,
amount or no am‘ﬂ‘é'%rfﬁiﬁﬁ’éf%a%‘??arre@ad'r‘%efohﬁﬁr[i@@nw@@&ﬁ certaigInsibres @lii r ed.
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spare area hapasuateassaiesates afteptine altoddied Sphteoavieads Tohiptetdly wied. has a
struct Lére shown i ? .G 5A 19?%%{!58[)' e tp 20 fl ag?val uest ate OOba sufficient
amount “of prinary %Eﬁ? sy HsState iR rrsaesnting the fegreriAt use ofdre of

Bl 1 oat ed” 1083y 25208 roAe AR 1iaf oBEL RN BT &t AbEonele
spare area has been used, rather than representing only two states, in which
the spare area has been completely used or the spare area still remains, as
in an existing spare area full flag. A flag indicating whether a supplementary

10 spare area has been allocated when a predetermined amount or more of the
primary spare area has been used, is also required. In this case, a flag
(which can be referred to as remainder state information for a primary spare
area) representing the state of the primary spare area has such states as

shown in the following Table 1, and has a structure shown in FIG. 5A.

15 (Table 1)
flag value state
00b a sufficient amount of primary spare area remains
01b a predetermined amount or more of primary spare area has
been used, and no supplementary spare area is allocated
10b a predetermined amount or more of primary spare area has
been used, and a supplementary spare area has been allocated
20 11b the primary spare area has been completely used

A flag (which can be referred to as remainder state information for a
supplementary spare area) representing the state of the supplementary spare
area has states as shown in the following Table 2, and has a structure shown
in FIG. 5B.

25 (Table 2)

flag value state

00b a sufficient amount of supplementary spare area remains.




been used, and a supplenentary spare area has been allocated 11 bt he
primary spare area has been conpletely used A flag (which can be referred
to as renminder state information for a supplenentary spare area)
representing the state of the supplenentary spare area has states as shown
in the follow ng Table 2, and has a structure shown in FIG 5B. 25 (Table
2) flag value state Ob ~ a sufficient anount of supplenentary spare area
remains. 13 01 ba predeterm ned anount @g nore of supplenentary spare area
has been used. 10bno corresponding state

O1b a predetermined amount or more of supplementary spare area

has been used.

10b no corresponding state

11b the supplementary spare area has been completely used

Here, the flag of Table 2 can indicate the necessity that the size of the
5 supplementary spare area must be increased by simply representing the
state in which a predetermined amount or more of supplementary spare area
has been used. When the supplementary spare area is enlarged by
allocating a predetermined amount or more of supplementary spare area, the
value "01b" of the flag can simply be changed to "00b". Therefore, in

10 contrast with the remainder state flag for a primary spare area, the remainder
state flag for a supplementary spare area has only three states.

FIG. 6 is a flowchart illustrating a method of allocating a spare area
upon initialization, according to an embodiment of the present invention.
Referring to FIG. 6, a defective sector detected during certification for

15 checking the existence or absence of defects on a disc while the disc is being
initialized, is skipped without being supplied with a logical sector number, and
the logical sector number which was to be assigned to the defective sector is
provided to the next éector, and the position of the defective sector is stored
in a PDL, in step S101.

20 Next, the required amount of spare area is calculated in step $102.
For example, when the number of PDL entries is between 3072 and 3583, the
minimum size of a spare area is the sum of all spare areas required to
process the PDL entries and a spare area required to process SDL entries for
one sector, and thus becomes 480 ECC blocks. If a 32 Kbyte buffer is used,

25 and the increment between necessary spare areas is 32 blocks, 2752 ECC
blocks obtained by calculation using Equation 2 can be allocated as the
maximum size of spare area.

When the required amount of spare area is calculated, a primary spare

area is allocated, in step S103. If the size of the primary spare area is 512



11 bt he supplenentary spare area has been conpletely used Here, the flag of
Table 2 can indicate the necessity that the size of the 5 supplenentary
spare area must be increased by sinply representing the state in which a
predet ermi ned amount or nore of supplenentary spare area has been used.
When the suppl enentary spare area is enlarged by allocating a

predeterm ned anount or nore of supplenentary spare area, the value "01 b"
of the flag can sinply be changed to "00H4. Therefore, in 10 contrast with
the remai nder state flag for a prinmary spare area, the remainder state
flag for a suUppCestecksamymariaren af 224 ETT blcks e 88ed tdpRsvesEie PHLI s @
flowchart illustrating a nmethod of allocating a spare area upon
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spare area is the sumof all spare areas required to process the PDL
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i ncrement between ne essary spare areas 1S cks

obt ai @l by @&CC biadkswf ths imuxiraespape afes amfeignationasafrRdsias of R Maxi num
size of spare area. Wen the required amunt of spare area is cal cul ated, a
primary spar éUpﬁ?e‘@?ﬁrP@rYaWﬁS@aﬁr@%(e Bn 2248 G2 ddocks aﬂﬁé”@f@é“@ﬂ onltke pri mary

o acese tne BRpmel SO M BiBPIeReRY RHE b fr BSpRATED D ocose t e

SDL entri es. pPédi@térmiﬂedmdsitWrbs inEADD SasreDMidsarahl mirﬁﬁbllz@tubﬁ@' nder state

flag for the primary spare area is set to an initial state "00", in step
S104. The nafPREASHzE HepH106.
15 FIG. 7 is a flowchart illustrating a method of allocating a

supplementary spare area using information on the remainder state of a
primary spare area, according to an embodiment of the present invention. A
determination is made as to whether a remainder state flag for the primary
spare area set during initialization is in a state "01" in which the primary

20 spare area has been almost used and a supplementary spare area has been
allocated, in step S201. If the answer to the step $201 is no, another
determination is made as to whether a supplementary spare area is to be
allocated, in step S202. If it is determined in step S202 that allocation of a
supplementary spare area is required, the size of the supplementary spare

25 area is checked, in step S203. That is, the maximum size of a supplementary
spare area that can be allocated, and the maximum size of a supplementary

- spare area that must be allocated, are checked. The size of the

supplementary spare area that must be allocated, can be set by a user, or
can be a predetermined increment.

30 The existence of a sufficient amount of continuous empty space at the

rear of a logical file area is checked, in step S204. It is determined whether




5 supplenentary spare area is cal culated by subtracting the size of the
primary spare area, allocated in step S103, fromthe maxi num size of the
spare area calculated in step S102, in step S105. For exanple, the nmaxi num
size of the supplenentary spare area, 2240 ECC bl ocks, can be cal cul ated by
subtracting 512 ECC bl ocks of the allocated prinmary spare area from 2752 10
ECC bl ocks of the nmaxi mum spare area. Information on the size of the

suppl enmentary spare area (e.g., 2240 ECC16l ocks) and information on the
remai nder state of the supplenentary spare area, are recorded at
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step S210. Then, the process is concluded.
FIG. 8 is a flowchart illustrating a method of allocating a

supplementary spare area using information on the remainder state of a
supplementary spare area, according to an embodiment of the present

25 invention. A determination is made as to whether a remainder state flag for a
supplementary spare area for replacing secondary defects generated during
use of a disc is in a state "01" in which the supplementary spare area has
been almost used, in step S301. If most of the supplementary spare area has
been used, another determination is made as to whether another

30 supplementary spare area is to be allocated, in step S302. If it is determined |

in step S302 that allocation of another supplementary spare area is required,




anount of continuous enpty area exists, in step S209. If there is a
sufficient anount of continuous enpty area, the step S206 for allocating a
suppl ementary spare area is again perfornmed. If the amount of conti nuous
enpty area is insufficient even after the rearrangenent of the enpty areas,
a 20 nmessage "a supplenentary spare area cannot be allocated" is displayed,
in step S210. Then, the process is concluded. FIG 8 is a flowhart
illustrating a method of allocating a supfl enentary spare area using
informati on on the remai nder state of a supplenentary spare area, according
to an enbodi e BiZefof e suprlementay spaveardais. chacked,dnstemBBOB. Mhathde as to

whet h ' : I f | aci
Seconaary dortelEmanA o 43bRerReldlraR A et Bah BeiBalccoamal n

whi ch the sufip sirenif ar supphehentaie spesarb8eRattrhiB e amt%d,rérétcﬁgc@ti’l- |1

nost of the supplenentary spare area has been used, another determnation
i s made as t dNGHSENet thervpRiementag ppareraraa dngt repstbe alfaeatéd; dan Heeset

al | ocatsed, | Br\;p SRS ,g(?ayn béaiérehggeg%ﬁ@éﬁégfﬁdm%@_ step S302 that allocation

of another su eneh Spar'e “ar 16 the size of the

suppl enent ary spafhe&xistence o6& ekffidient @nﬁtﬁpoﬁé&%in@ﬂ@terﬁ&g gBQtE% BEKs UM

size of a supplenentary spare area that can be all ocated, e size of a
suppl enent ar PR Adogicabfileriearns shegledain steptS04. afkern litisidederniihed si ze of

t he suppl ene [ t. < cated, can be set 5 by a
user, or can%g{%@ﬁ%%gp@( %%%%%’ﬁ@ﬁ@%ﬁﬁéi @?f‘%‘ﬂ%ewp S%a%eu?’f@%i ent
amount of coat iheueus ofiiet lpgRRRfiR @ebhg sl |23 ; ais
checked, in step S304. The%, it isedet §r§nﬂﬁgé§”\ﬁﬂ%’t J&? eeggrrrg?gélgpace

exi st 40 i n stepacssoent, of a predrjarmainet\sizey ix allendtad stasling fren thareafmaodte

| ogi cal fil , . | i 1 | t, of

L0t edet er m POYODofné JRREA TEC LR, i3 BRRS & Wi a0 B beS Blspeson of

the | ogical pééwlineary rdplacicPR HoRGtedetheloledifetBR! shis dfba ftdhdaren
I pare or

linearly replaced is allocated as the supplenentary area I near
repl acement faplacasmerdin sternSae6 e defstive blockwiithin the supplempehtamgsparey spar e

area i s not f | r.replacenent.. and.th DL entries nust be kept
15 wi t hout c%%%gg,n%gg%cggoir“ng@gr%f%%%m?'gtf ap iﬂﬁ%‘jgpi iitees musipedient ne step
S306, 15mnagenkNbut dNaAGERES B8stied ASovERRBRGNG g spare area, that is, a
remai nder state flag tor the supplenentary spare area, is initialized back

to "00", and the Aitortherstem 306 menagemenbipfarmatioarfyr $easupplementasy updat ed,
In step S307q, FRePea Gt R’ 87EFRirldor SRS lﬂlzjag%gf the supplementary spare area,

is initialized back to "00", and the size of the allocated supplementary spare

area is updated, in step S307. Then, the process is concluded.

20 If a sufficient amount of continuous empty area does not exist at the
rear portion of the logical file area in step S305, empty areas are rearranged
in step S308. Then, a determination is made as to whether a sufficient
amount of continuous empty area exists, in step S309. If there is a sufficient
amount of continuous empty area, the step S306 for allocating a

25 supplementary spare area is again performed. If the amount of continuous
empty area is insufficient even after the rearrangement of the empty areas, a
message "a supplementary spare area cannot be allocated" is displayed, in
step S310. Then, the process is concluded.

As described above, in the present invention, information on the sizes

30 of a primary spare area and a supplementary spare area can be calculated

by a simple numerical expression, and information on the remainder states of



20 If a sufficient anbunt of continuous enpty area does not exist at the
rear portion of the logical file area in step S305, enpty areas are
rearranged in step S308. Then, a determ nation is nmade as to whether a
sufficient anount of continuous enpty area exists, in step S309. If there
is a sufficient ampunt of continuous enpty area, the step S306 for
allocating a 25 supplenentary spare area is again perfornmed. |If the anpunt
of continuous enpty area is insufficientTéven after the rearrangenment of
the enpty areas, a nessa a suppl enent ar ﬁare area cannot be all ocated"
i s displ ayedSp?'F? eSS '%3&15% ?ﬁéﬁnafﬂﬂﬁﬁ%ﬁ@dé@@ Espahataasezhn e mibescr i bed
above, in thﬁgﬁbfysgr% Fﬁg&%ﬁ anocaft@é géml on .on the sizes 30 of a prinmary

spare area and a“su enentary spare be calculated by a sinple

nuneri cal expr essNHn iratheb pnefsenmveﬁlfbroluéf&ﬁlvbﬂjl@éw&hlﬁttﬁées of 17 spare
areas is stored and managed, so that the spare areas can be nore flexibly

and effectivathpP amets%%wé@aa@]ar%wagw usgdder lingartraplapemeahtand$eht i on,

def ectigve bl I re not used for

| i near lSr epl aggirfr%r?\t%r%mdg E%ﬁgédj%%ttﬁgg@tag%dio&a] 314%\’%@88 so that mal function
is prevented. 18 What is clained is: 1. A defect managenment nethod of a
di sc recordi ng and/ or reproduci ng apparatus for a recordi ng nedi um
including a primary 5 spare area allocated upon initialization and a

suppl ementary spare area all ocatabl e and/ or expanded after initialization,
t he met hod conpri si ng:




allocating, during initialization, the primary spare area to repl ace
primary defects generated during initialization using slipping 10

repl acenent and to replace secondary defects generated during the use of
‘the disc using linear replacenent after the initialization, and allocating
during the use of the disc, the supplenentary spare area to replace the
secondary defects generated during the USf of the disc in excess of those
which are storable in the primary spare a %a, 15 prior to the primary spare
area being full sed. . 2. The defect managenent nethod of Claim1, further
conpri si ng: allxgﬁ?mﬁé*”@@9§§quent to the allocating of the supplenmentary
spare area, an another supplenentary spare area to replace the 20 secondary
defects generated during the use of the disc in excess of those which are
storable in the supplenentary spare area, prior to the supplenentary spare
area being fully.used defect management method of a disc recording and/or

reproducing apparatus for a recording medium including a primary
5 spare area allocated upon initialization and a supplementary spare
area allocatable and/or expanded after initialization, the method
comprising:
allocating, during initialization, the primary spare area to replace
primary defects generated during initialization using slipping
10 replacement and to replace secondary defects generated during the
use of the disc using linear replacement after the initialization, and
allocating during the use of the disc, the supplementary spare
area to replace the secondary defects generated during the use of the
disc in excess of those which are storable in the primary spare area,

15  prior to the primary spare area being fully used.

2. The defect management method of Claim 1, further comprising:
allocating, subsequent to the allocating of the supplementary
spare area, an another supplementary spare area to replace the
20 secondary defects generated during the use of the disc in excess of
those which are storable in the supplementary spare area, prior to the

supplementary spare area being fully used.




